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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light 
emission body made of zinc oxide having high-level 
light emitting capacity by providing a cyclic structure 
of nanometer to submicron size. 
SOLUTION: This light emission body has a base 2 
and zinc oxide columns 1 consisting principally of 
zinc oxide, and the zinc oxide columns 1 are 
substantially hexagonal and arranged substantially at 
right angles to the surface of the base. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the emitter which has a base and two or more pillar-shaped members which use a zinc 
oxide as a principal component, and this pillar-shaped member is a hexagonal prism configuration 
substantially, and is characterized by coming to be arranged perpendicularly substantially to said 
base front face. 

[Claim 2] Two or more pillar-shaped members which use said zinc oxide as a principal component 
are emitters according to claim 1 characterized by coming to be arranged periodically substantially. 
[Claim 3] The emitter according to claim 2 with which the array period of the zinc-oxide column 
arranged at this periodic target is characterized by being smaller than luminescence wavelength. 
[Claim 4] This zinc-oxide column is an emitter according to claim 1 to 3 characterized by being 
arranged in the shape of a triangular grid. 

[Claim 5] This zinc-oxide column is an emitter given in claim 2 to which it has a forward hexagon- 
like cross section substantially, and array bearing of this periodic structure is characterized by being 
almost equal to the sense from the column core of the zinc-oxide column of a hexagonal prism 
configuration to the direction of top-most vertices thru/or one term of 4. 

[Claim 6] The emitter according to claim 5 with which array bearing of this periodic structure is 
characterized by being almost equal to the sense from a column core to the field core of a side face 
of the zinc-oxide column of a hexagonal prism configuration. 

[Claim 7] This base is an emitter given in claim 1 characterized by consisting of conductive film on a 

substrate and this substrate thru/or one term of 6. 

[Claim 8] This conductive film is an emitter according to claim 7 characterized by using Pt, Cu, or 
Pd as a principal component. 

[Claim 9] This conductive film is an emitter according to claim 8 characterized by carrying out 
orientation in the 1 1 1 directions perpendicularly to this substrate. 

[Claim 1 0] This zinc-oxide column is an emitter given in claim 1 characterized by carrying out 
orientation in the direction of a c-axis perpendicularly to this base thru/or one term of 9. 
[Claim 1 1] This zinc-oxide column is an emitter given in claim 1 characterized by being allotted in 
the pore of an anodic oxidation alumina thru/or one term of 10. 

[Claim 12] The structure characterized by coming to have the zinc-oxide column of the hexagonal 
prism configuration which stood straight periodically and was allotted on the base and this base. 
[Claim 13] This base is the structure according to claim 12 characterized by consisting of conductive 
film on a substrate and this substrate. 

[Claim 14] The manufacture approach of the emitter according to claim 1 to 13 characterized by 
having the process which forms the pattem of the pore of the shape of the shape of a circle arranged 
periodically, and an ellipse the process which produces the conductive film and is used as a base on a 
substrate, and on this base, and the process into which a zinc-oxide column is grown up in the 
solution which contains zinc ion in the pore on this base. 

[Claim 1 5] This pore is the manufacture approach of the emitter according to claim 14 characterized 
by being an ellipse-like. 

[Claim 1 6] The process which forms the pattem of the pore of the shape of this shape of a circle and 
an ellipse is the manufacture approach of the emitter according to claim 14 or 15 characterized by 
having the process which forms a pore formation start point in the front face of aluminum prepared 



http ://www4. ipdl .ncipi . go .jp/cgi-binytran_web_cgi_ejj e?u=http%3 A%2F%2F www4.ip. . . 8/31 /2006 



JP,2002-084037,A [CLAIMS] Page 2 of 2 

on the base, and the process used as the anodic oxidation alumina which has pore by anodizing this 
aluminum. 

[Translation done.] 
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* NOTICES * 

JFO and NCXPI are not responsible for any 
damages caused by the use o£ this translation. 

I .This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
'[0001] 

[Field of the Invention] This invention relates to the structure which has the periodic structure of 
submicron size from NANOMETA especially the illuminant in which the pillar-shaped matter which 
consists of a zinc oxide carried out the periodic array, a light emitting device, laser, and the optical 
element that possesses the above-mentioned structure further in detail about an illuminant, the 
structure, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Conventionally, a zinc oxide is followed from the descriptions, such as 
a wide gap semi-conductor and a piezo-electric property, to fields, such as disassembly of light 
emitting devices including laser or LED, a fluorescent substance, waveguide, a transparent electrode, 
a piezoelectric device, an optoelectric transducer, sensitization material, and harmful matter, and 
antibacterial, and research is briskly done in **. For example, in JP, 10-256673, A, it was shown from 
the thin film of a zinc oxide that the laser oscillation of an ultraviolet area is possible. 
[0003] unique [ in / on the other hand, an electron shuts up by making magnitude of a semi- 
conductor small from NANOMETA to submicron size, and / ** and a surface action ] ~ electric, 
optical, and chemical property are expectable, if it has the magnitude of nano size and 
implementation is [ the crystalline outstanding structure ] ftxrther possible with such a viewpoint to a 
zinc oxide — a light emitting device and a photo-electric-conversion function — including, the fiirther 
improvement in electric, optical, and chemical property is expectable. 
[0004] 

[Problem(s) to be Solved by the Invention] However, it was difficult to create conventionally the 
zinc-oxide ingredient which has the magnitude of nano size and was excellent in crystallinity by 
simple technique. As the technique of generally creating the ingredient of nano size, 
photolithography is begun and creation by semi-conductor processing techniques including detailed 
pattern drawing techniques, such as electron beam lithography and X diffraction exposure, is raised. 
However, such technique has problems, like the badness of the yield and the cost of equipment are 
high, and technique which can be created with sufficient repeatability by simple technique is desired. 

[0005] Moreover, there is technique by spreading and baking of the colloidal solution as the particle 
creation technique of nano size. Although this technique is comparatively simple, a technical 
problem is in a controllability or repeatability to the crystallinity of a zinc oxide, a particle 
configuration, etc. which are created. 

[0006] When the official report of above-mentioned JP, 10-256673, A was mentioned and the nano 
crystal thin film of the hexagonal prism of the size which is about 50nm was used as an example 
which carried out structure control of the zinc oxide which has the structure of nano meter size, it 
was reported that a laser oscillation threshold is low. 

[0007] To others, the report which grew up the whisker of a zinc oxide on the substrate with the 
atmospheric-air open sand mold CVD is raised as an example which produced the zinc oxide of a 
pillar-shaped configuration ("JpnJ.Appl.Phys." Vol. 38(1 999) L586). However, the path of a whisker 
is comparatively as thick as more than the diameter of several microns. 

[0008] Application with these approaches sufficient fi^om the reasons that a substrate is restricted to 
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silicon on sapphire, using hot growth conditions, nil why control of structure is inadequate, etc. has 
come to be made. 

[0009] It is offering the structure which consists of a zinc oxide with which the purpose of this 
invention has periodic structure in submicron size from NANOMETA on the conductive film in 
view of the above, and is applying to optical elements including a light emitting device etc. by using 
this structure as an emitter. Moreover, this invention aims at offering the approach of manufacturing 
the above-mentioned emitter easily. 
[0010] 

[Means for Solving the Problem] The above-mentioned technical problem is solvable with the 
following configurations and processes of this invention. That is, it is the emitter which this 
invention has a base and two or more pillar-shaped members which use a zinc oxide as a principal 
component, and this pillar-shaped member is a hexagonal prism configuration substantially, and is 
characterized by coming to be arranged perpendicularly substantially to said base front face. 
[001 1 ] It is desirable to come to have the zinc-oxide column of the hexagonal prism configuration 
perpendicularly arranged periodically substantially on this base. It is desirable that the array period 
of the zinc-oxide column arranged at this periodic target is smaller than luminescence wavelength. 
As for this zinc-oxide column, it is desirable to be arranged in the shape of a triangular grid. This 
zinc-oxide column has a forward hexagon-like cross section, and it is desirable that array bearing of 
this periodic structure is almost equal to the sense from the column core of the zinc-oxide column of 
a hexagonal prism configuration to the direction of top-most vertices. This zinc-oxide column has a 
forward hexagon-like cross section, and it is desirable that array bearing of this periodic structure is 
almost equal to the sense from a column core to the field core of a side face of the zinc-oxide column 
of a hexagonal prism configuration. As for this base, it is desirable to consist of conductive film on a 
substrate and this substrate. 

[0012] As for this conductive film, it is desirable to use Pt, Cu, or Pd as a principal component. 
Although orientation of this conductive film is perpendicularly carried out in the 1 1 1 directions to 
this substrate, it is desirable. As for this zinc-oxide column, it is desirable to carry out orientation in 
the direction of a c-axis perpendicularly to this base. As for this zinc-oxide column, being allotted in 
the pore of an anodic oxidation alumina is desirable. 

[001 3] Moreover, this invention is the structure characterized by coming to have the zinc-oxide 
column of the hexagonal prism configuration which stood straight periodically and was allotted on 
the base and this base. As for this base, it is desirable to consist of conductive film on a substrate and 
this substrate, 

[0014] Furthermore, this invention is the manufacture approach of the above-mentioned emitter 
characterized by to have the process which forms the pattern of the pore of the shape of the shape of 
a circle arranged periodically, and an ellipse the process which produces the conductive film and is 
used as a base on a substrate, and on this base, and the process into which a zinc-oxide column is 
grown up in the solution which contains zinc ion in the pore on this base. 

[001 5] As for this pore, it is desirable that it is an ellipse-like. As for the process which forms the 
pattern of the pore of the shape of this shape of a circle, and an ellipse, it is desirable to have the 
process which forms a pore formation start point in the front face of aluminum prepared on the base, 
and the process used as the anodic oxidation alumina which has pore by anodizing this aluminum. 
[0016] By this invention, it has the magnitude of nano size and the zinc-oxide column of the zinc- 
oxide ingredient excellent in crystallinity, especially nano size can be produced. Thereby, it can 
consider as the emitter of high performance. Especially, it is an about several 10-500nm diameter, 
namely, a super-thin zinc-oxide column can be stood straight and formed on the substrate which has 
conductivity. Thereby, the electrical connection of a zinc-oxide column and a substrate electrode 
becomes possible. Thereby, it is not necessary to use expensive single crystal substrates including 
sapphire. 

[0017] Furthermore, application to an optical element is enabled as a photograph nick crystal by 
arranging a zinc oxide column periodically in submicron size in this way. Especially, although a 
zinc-oxide column is a hexagonal prism also in JP, 10-256673, A, it is the continuation film, and in 
this invention, a column-like zinc oxide separates mutually, and it differs at the point arranged 
periodically. 
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[001 8] A photograph nick crystal is arranging periodically the part where two or more kinds of 
refractive indexes* (dielectric constant's) differ, and controls the optical property (J. 
D Joannnopoulous et al, "Photonic Crystals "Princeton University Press). Also in light, the periodicity 
of the refractive index of wavelength extent produces a photograph nick band so that such a medium 
may be guessed, ahhough Bragg reflection of the electron wave is carried out in the band formation 
theory of a semi-conductor and the dispersion relation of Energy E and the wave number k forms a 
band. Furthermore, the wavelength field where light cannot exist depending on the periodic 
structure, i.e., a photograph nick band gap, is formed. In order to control such a photograph nick 
band, several [ 1/] of the sizes of the wavelength of light are needed from wavelength extent of light 
as the structure period. 

[0019] That is, in this invention, the periodic structure (photograph nick crystal) of the size below the 
wavelength of light is produced with a zinc oxide, and it can expect to apply as various optical 
elements including a light emitting device by designing the periodic structure suitably to the 
emission spectrum and distributed property of a zinc oxide. It is using especially the mode the group 
velocity of a photograph nick band being small, and the local mode accompanying defect structure, 
and the reduction in the threshold of an oscillation of efficient-izing of a light emitting device and a 
laser component etc. is possible. In case it uses for others as a fluorescent substance, it can use for 
control of the life time of fluorescence. That is, it is carrying out a periodic array and using a 
column-like zinc oxide as a photograph nick crystal, £ind the reduction in the threshold of an 
oscillation of efficient-izing of a light emitting device and a laser component etc. is possible. A 
photograph nick crystal can expect the application as various optical elements including waveguide 
or a polarizing element from others. 

[0020] Although especially a zinc oxide can be used as a luminescent material which carries out 
green luminescence accompanying band edge luminescence of ultraviolet radiation, an oxygen 
deficiency, or Zn defect between grids, in a desired wavelength region, it can consider as the light 
emitting device of high performance by applying the periodic structure (photograph nick crystal) 
corresponding to luminescence wavelength. 

[0021] The structure possessing the zinc-oxide column of this invention can begin the optoelectric 
transducer, photocatalyst, and field emission mold electron emission component other than a light 
emitting device, and can apply them in the large range as fimctional materials, such as various 
electron devices and a micro device, a structural material, etc. 

[0022] 

[Embodiment of the Invention] Hereafter, the structure (emitter) which has arranged the zinc-oxide 
column on the base of this invention is explained using drawing 3 from drawing 1 . 
[0023] <Configuration> drawing 1 is the conceptual diagram showing an example of the structure 
(emitter) of this invention. Like drawing 1 , the emitter of this invention stands straight on a base 2, 
and the zinc-oxide column 1 which is luminescent material comes to arrange it periodically. The 
zinc-oxide column 1 of this invention uses oxygen and zinc as a principal component, and has 
especially hexagonal prism-like structure. 

[0024] Dra win g 2 is the conceptual diagram showing the example of the configuration where the 
zinc-oxide column of this invention was seen from the upper part. A hexagon as shown in drawing 2 
(b) and (c), hexagons with a round angle like drawing 2 (d) including a hexagonal prism like drawing 
2 (a), etc. are mentioned in the thing of a forward hexagon seen from the upper part. 
[0025] Drawing 3 is the perspective view showing the zinc-oxide column of this invention. What has 
the round angle of a hexagonal prism, the thing in which a tip has a spindle-like configuration as 
shown in drawing 3 (d) are mentioned like the thing of a hexagonal prism, and drawing 3 (c) like the 
thing of a forward hexagonal prism, and drawing 3 (b) like drawing 3 (a). 
[0026] Although the zinc-oxide column of this invention can have the crystal structure of 
polycrystal, a single crystal, and which amorphous arbitration, its structure of excelling in 
luminescence ability is desirable, and the thing which is excellent in crystallinity, especially its 
single crystal are desirable. By choosing suitably the below-mentioned film production conditions 
and below-mentioned substrate substrate of a zinc oxide, a c-axis is turned upward to a substrate and 
the zinc oxide which was excellent in orientation can be grown up. The zinc oxide of the shape of a 
hexagonal prism which turned the c-axis upward especially can be grown up. It is a good better pile 
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to produce on conditions which become pillar-shaped six square shapes from a viewpoint of the 
quality of a zinc-oxide column, i.e., crystallinity, c-axis orientation, etc., if it furthermore says. It is 
desirable that it can consider as the direction of a c-axis in the height direction of a hexagonal prism 
from such a viewpoint in the hexagonal prism which consists of a zinc oxide of this invention, and to 
become the single crystal of a hexagonal prism fijrther. 

[0027] Moreover, it is desirable to consist of such a 6 square-shape-like zinc-oxide column and a 
zinc-oxide column which has and allots directivity to a base, for example, it can form 

perpendicularly substantially to a base. 

[0028] Although it depends for the configuration of a zinc-oxide column, and size on creation 
conditions, a size is several nm - several micrometers, and several lOnm - 10 micrometers of 
numbers, and the aspect ratio of die length are about one to 200 range. 

[0029] The presentation of the zinc oxide in this invention will not be limited especially if oxygen 
and zinc are used as a principal component. Moreover, a carrier polarity, a carrier consistency, etc. 
are controllable by doping B, aluminum, Ga, In, N, P, As, etc. Fvuthermore, luminescence level is 
also controllable by installation of impurities including an oxygen deficiency or rare earth. 
[0030] As a base 2, the single crystal substrate of arbitration, such as silicon on sapphire. Si 
substrate, a GaN substrate, and a ZnO substrate, glass substrates including quartz glass, and the thing 
that formed the thin film of arbitration on these substrates further can be used. Although the zinc- 
oxide column 1 may be directly arranged on such a substrate 3, since arranging the conductive film 4 
can use the conductive film as an electrode, it enables electric connection and cheap substrates, such 
as a glass substrate, can be used for a substrate, it is desirable. 

[003 1 ] Moreover, it can consider as a photograph nick crystal with carrying out two-dimensional 
array of the above-mentioned zinc-oxide colunm, and constituting it on a base. A photograph nick 
crystal consists of structures where the part where two or more kinds of refractive indexes (dielectric 
constant) differ was made to arrange periodically, as explained previously. In order to control such a 
photograph nick band, several [ 1/] of the sizes of the wavelength of light are needed from 
wavelength extent of light as the structure period. 

[0032] In the photograph nick crystal which arranged the emitter of this invention, i.e., a zinc oxide, 
periodically, in order to control luminescence of a visible region from the ultraviolet area, about 100- 
400nm periodic structure is needed. In this invention, although effectiveness shows up in reduction 
in a density of states, the anisotropy of dispersion relation, etc, in luminescence wavelength 
according to the photograph nick band structure produced according to periodic structure, it is more 
desirable that the photograph nick band gap is open. As periodic structure of a two-dimensional 
photograph nick crystal, although a square array, a triangular lattice, etc. are raised, the triangular 
grid structure of arrays which was symmetrical with six directions and was regularly arranged in the 
shape of a honeycomb from a viewpoint that a photograph nick band gap opens as shown in drawing 
4 is desirable. When the zinc-oxide column of a hexagonal prism is applied to such a triangular 
lattice, it is more desirable from the symmetric property being in agreement by controlling bearing of 
an array, and bearing within a field of a hexagonal prism. For example, the array whose direction to 
which the core 1 2 and top-most vertices 1 3 of a hexagonal prism (form) are connected corresponds 
the periodic direction 1 1 of the triangular grid 10 like drawing 4 (a), By making it in agreement with 
the direction of the core 14 of a hexagonal prism (form), and the field core 15 of a side face (side) 
like draw in g 4 (b), enhancement is made possible for the electronic-light interaction accompanying 
enhancement of the anisotropy of photograph nick band structure and bearing of crystal field and 
radiating space suiting. When this uses as a light emitting device, the improvement in luminous 
efficiency and enhancement of a luminescence anisotropy are possible. 

[0033] The <production approach>, next the manufacture approach of the emitter (structure) which 
consists of a zinc oxide of this invention are explained, as the production approach of the zinc-oxide 
column of this invention — MBE — although law, laser vacuum deposition, a CVD method, the 
grown method in a solution, a spatter, a vacuum deposition method, etc. are raised, it is simple, and it 
is low cost and the growth-among solution process that a good zinc-oxide column can be grown up is 
desirable. 

[0034] That is, it is desirable to use the deposit from a solution which has zinc ion as the production 
approach of the zinc-oxide colxmin of this invention. The above-mentioned structure of a large area 
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is cheaply producible by using zinc-oxide growth in a solution. For example, it is possible to form 
the zinc-oxide film by dipping a sample 31 using a reactor as shown in drawing 10 into the reaction 
solution 32 which consists of zinc nitrate and a water solution of DMAB (dimethylamine borane). 
The above zinc-oxide columns can be grown up by choosing suitable conditions, such as 
concentration and temperature, and using a suitable base. Under the present circumstances, 
ultraviolet radiation 34 can also be irradiated. 

[0035] Moreover, a zinc oxide can be alternatively grown up into the catalyst grant section by giving 
iron family elements, such as noble-metals elements, such as Pd, Pt, Cu, Ag, Au, Rh, and Ir, and 
nickel, Fe, Co, as a catalyst to a substrate front face. Dipping in the solution containing the above- 
mentioned catalyst ion as the grant approach of a catalyst, producing the film which consists of an 
element used as a catalyst, etc. are raised. However, in order to upright the direction of a zinc-oxide 
column to a substrate, it is desirable to use the base which produced the continuation film of the 
ingredient which can serve as a catalyst as conductive film. For example, producing the continuation 
film of noble metals, such as Pt, Pd, and Cu, is raised. Thus, since the zinc-oxide column should be 
straight stood to the substrate at the abbreviation perpendicular by using a base with the film which 
used flat noble metals as the principal component, it is desirable, furthermore, the point fellows to 
whom that this noble-metals substrate is carrying out orientation to for example. 111 bearings etc. 
lessens configuration dispersion and consistency dispersion of a zinc-oxide column — it is desirable. 
[0036] This noble-metals film can be used for a zinc-oxide column after growing up a zinc-oxide 
column as an electrode (potential is impressed) which supplies a current. Thereby, it can consider as 
a base 2 and the structure characterized by consisting of zinc-oxide columns 1 which have and allot 
directivity to a base like drawing 1 . 

[0037] Using the patterning technique which applied the technique of electron beam lithography and 
etching first as the technique of arranging the zinc oxide column of this invention periodically is 
mentioned. Producing the pattern of a request on a base beforehand and growing up a zinc-oxide 
column the back is mentioned to this. For example, by performing above-mentioned growth among 
liquid, after carrying out patterning of the periodic pore, a zinc-oxide colxmm can be grown up fi-om 
each pore. 

[0038] However, since such technique has problems, like the badness of the yield and the cost of 
equipment are high in patterning formation, it is desirable to use the regular nano structure formed 
automatically as follows. For example, an anodic oxidation alumina film etc. is mentioned. Since an 
anodic oxidation alumina can produce the aspectual high two-dimensional period structure covering 
a large area, i.e., 2D photograph nick crystal, by the simple technique of anodic oxidation, it is the 
most desirable. Moreover, since it is controllable by production conditions in several 10 to 500nm, 
and the periodic size is visible, it is useful to production of a photograph nick crystal in an ultraviolet 
area. 

[0039] Moreover, a column-like zinc oxide is cheaply producible with nano meter size by the 
process simple by applying the process which applied the anodic oxidation alumina again. 
[0040] An anodic oxidation alumina nano hole is explained below. An anodic oxidation alumina 
nano hole is produced by anodizing aluminum film, aluminum foil, an aluminum plate, etc. in a 
certain specific acidic solution (for example, reference, such as R.C.Fumeaux, W.R.Rigby & 
A.P,Davidson"NATURE"Vol.337, and P147 (1989)). The schematic diagram of an anodic oxidation 
alumina nano hole is shown in drawing 8 . this anodic oxidation alumina layer 52 — aluminum and 
oxygen — a principal component — carrying out — the nano hole (pore) 53 of the shape of much 
cylinder — having — that nano hole 53 — the fi*ont face of a base — almost — perpendicular — 
arranging — each nano hole — mutual — parallel — and it arranges at equal intervals mostly. That is, 
the 2nd dielectric part (hollow) of a pillar-shaped configuration has the structure (structure as a two- 
dimensional photograph nick crystal) regularly arranged in the shape of a honeycomb two- 
dimensional in the 1st dielectric part (alumina). Several nm - lOOnm of numbers, and spacing 2R are 
several lOnm - about lOOnm of numbers, and that of diameter 2r of an alumina nano hole are 
controllable by anodic oxidation conditions. Moreover, the thickness of the alumina nano hole layer 
52 and the depth of a nano hole are controllable by anodic oxidation time amount etc. This is for 
lOnm - 500 micrometers. Pole diameter 2r of an alumina nano hole can be extended by etching. To 
this, a phosphoric acid solution etc. is available. 
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[0041] Moreover, a pore array can be regulation-ized by the two-step anode oxidation method and 
the approach of anodizing, after forming honeycomb-like irregularity (pore start point) in aluminum 
front face. (Masuda: Refer to "OPTRONICS "No.8 (1998) 21 1 pages) 

The technique using a stamper as the technique of forming a pore start point, the technique of 
irradiating FIB, etc. are mentioned. 

[0042] In order to control the field inboard of the zinc-oxide column of a hexagonal prism 
configuration of this invention, i.e., a-b-axis bearing, it is realizable by uniting the bearing and 
bearing of periodic structure etc. using making the form of patteming into the shape of a hexagon, or 
a single crystal substrate. Otherwise, when using a circle-like pattern (pore), a certain amount of 
bearing can be decided by what the configuration of a pattern is used as the ellipse-like pattern (pore) 
for. Configuration control of extent which is production conditions, such as a configuration of the 
below-mentioned pore start point, an array pattern, and anodic oxidation conditions, is possible for 
the pore configuration at the time of applying an anodic oxidation alumina. 
[0043] 

[Example] An example is raised to below and this invention is explained. 

[0044] An example 1 and the example 1 of a comparison, and 2 this example are formed examples in 
which the zinc oxide of a hexagonal prism carried out the triangular lattice to growth of the zinc 
oxide by MBE by patteming using electron beam lithography. 

[0045] first, the c-th page silicon-on-sapphire top which carried out cleaning washing — the zinc- 
oxide film with a thickness of 200nm — MBE — epitaxial growth was carried out by law. In the MBE 
method, Zn metal and the source of RF (high frequency) oxygen radical are used, and it is after 650- 
degree C preheating, 1x10 to 4 Pa (lxl0-6torr) Zn partial pressure, and 02 in a vacuum. ZnO was 
grown up under conditions with flow rate 0.3 ml/min (0.3ccm), an RF power 300W, and a substrate 
temperature of 550 degrees C. [0046] Then, the mask pattern by the resist was formed by resist film 
formation, electron beam exposure, and development. A mask pattern is a configuration as shown in 
drawing 4 (a) which the hexagon arranged, and the hexagon of the diameter of about 200nm is 
arranged with the period of 0.3 micrometers in the shape of a triangular grid. Moreover, it was made 
for the periodic structure of a mask pattem to serve as the [1-2 1] direction of the zinc-oxide film. 
NH4 OH and H2 02 from — sentiment dirty [ of the zinc oxide ] was carried out by the becoming 
etchant, and the organic solvent removed the resist fijrther. [ then, ] 

[0047] Moreover, the zinc-oxide film which produced the film as an example 1 of a comparison 
without performing patteming was prepared. Moreover, the mask pattem prepared not a hexagon but 
the circular thing as an example 2 of a comparison. 

[0048] (Evaluation) It checked that the zinc-oxide column of a hexagonal prism was formed by the 
triangular lattice according to an exposure pattem of FE-SEM observation in the sample of this 
example 1 . Zinc-oxide column size was a forward hexagon-like, although the angle of a hexagon 
was a little roundish by 160nm. On the other hand, the example 1 of a comparison was the flat film. 
Moreover, in the example 2 of a comparison, the cylinder-like zinc oxide arranged and was formed. 
From TEM observation, carrying out EPI growth on silicon on sapphire was checked. 
[0049] By measurement of the photoluminescence which made helium-Cd laser the source of 
excitation (excitation wavelength of 325nm), luminescence with a wavelength of 385nm between 
bands and green luminescence near [ accompanying an oxygen deficiency ] the wavelength of 500- 
550nm were checked in the sample of this example and the example of a comparison. 
[0050] It has become main [ the sample of this example 1 ] compared with the sample of the 
example 1 of a comparison emitting [ of an ultraviolet area ] light an emission spectrum, and green 
luminescence was controlled. When a photograph nick band gap is formed of periodic structure, it is 
possible that green luminescence was controlled. Moreover, the sample of this example 1 had the 
large reinforcement of photoluminescence a little compared with the sample of the example 2 of a 
comparison. The effectiveness by the periodic array of the configuration of a hexagon can be 
considered. 

[0051] An example 2 and example of comparison 3 this example are examples which carried out 
selective growth of the zinc oxide to patteming by electron beam lithography in the solution process. 
Drawing 5 is drawing showing the making process of the emitter of this example. Hereafter, it 
explains using drawing 5 . 
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[0052] Pd film was produced in thickness of lOOnm by RF spatter as substrate conductivity film 4 on 
the substrate 3 which consists of a process a silicon substrate. The film production conditions of the 
substrate conductivity film had the desirable conditions which are excellent in 1 1 1 orientation, for 
example, when they produced Pd film, the conditions of RF power 150W and 0.7Pa of argon gas 
pressure (Smtorr) were used for them. Here, although RF spatter was used, the film production 
approach of arbitration is applicable to a spatter, a CVD method, a vacuum evaporation process, etc. 
at film production. (Refer to dr awing 5 (a)) 

[0053] It process b Continued and circular opening formed the resist mask 7 of the resist arranged in 
the shape of a triangular grid by the resist film, electron beam exposure, and development. The size 
of opening formed the pattern of the range of 50-400nm, the diameter of opening in 100-500nm with 
various spacing (period) of opening, and an array period. (Refer to drawing 5 (b)) 
[0054] The zinc-oxide column 1 was grown up using the equipment shown in process c drawing 10 
under the conditions which irradiate ultraviolet rays with a high-pressure mercury lamp at 60 degrees 
C whenever [ bath temperature ] in the reaction solution 32 which consists a sample of O.OSMZnNO 
(s)3 and a 0.05M dimethylamine borane water solution. The processing time is 30min. Thereby, the 
zinc-oxide film carries out selective growth on the conductive film. (Refer to drawing 5 (c)) 
[0055] The resist mask was dissolved in the process d last with the organic solvent. (Refer to 
drawing_5 (d)) 

[0056] As an example 3 of a comparison, a resist mask was not formed on the conductive film, but 
that into which the zinc oxide was grown up was prepared. 

[0057] (Evaluation) It checked that the zinc-oxide column of a hexagonal prism was formed by the 
triangular lattice in the sample of this example 2 as FE-SEM observation shows an example at 
d rawing 9 (a) according to opening size in a circular mask pattern. Although, as for the form of a 
hexagonal prism, the thing of (c) was intermingled firom drawing 3 (a), the form of the angle of a 
hexagon was comparatively acute. For example, when the resist mask of 300nm opening was used, it 
was about 200-250nm in size of a hexagonal prism, and height was about 500nm. From the X 
difft-action, c-axis orientation was checked for the zinc oxide. 

[0058] Although the hexagonal prism-like zinc oxide was growing even if set example of 
comparison 3, as shown in drawing 9 (b), dispersion in the size was large, and the location was 
random. Moreover, at this time, by using the substrate electric conduction film which carried out 1 1 1 
orientation, it excelled in the c-axis and hexagonal prism-like ZnO was able to be grown up. 
[0059] Moreover, when the opening size of a suitable mask was used especially, it excelled in the 
homogeneity of the configuration of the path of a hexagonal prism, and size, and the inclination for 
many zinc oxides of the configuration near a forward hexagonal prism to grow was seen. In this 
example, as a diameter of opening, about 400nm was desirable and the path of the ZnO hexagonal 
prism in that case was about 300nm. 

[0060] Measurement of the photoluminescence which made helium-Cd laser the source of excitation 
In both the samples of this example 2 and the example 3 of a comparison, luminescence with a 
wavelength of 385nm between bands and green luminescence near the wavelength of 500-550nm 
were checked. In 200nm of diameters of mask opening, and a sample with a period of 250rmi, 
compared with the sample of the example 3 of a comparison, it has become main [ an emission 
spectrum ] emitting [ of an ultraviolet area ] light, and green luminescence was controlled. By 
forming a photograph nick band gap, it is possible that green luminescence was controlled, 
[0061] When it excited by the 3rd higher harmonic of YAG, photoluminescence was measured using 
200nm of diameters of mask opening, and a sample with a period of 250nm and the laser oscillation 
threshold was evaluated in liquid nitrogen temperature, the direction of this example 3 had the low 
laser oscillation threshold compared with the example 3 of a comparison. In this example 3, 1 think 
that the fall of a laser oscillation threshold was aimed at according to the effectiveness of a group- 
velocity fall as a photograph nick crystal. 

[0062] An example 3 and 4 this example are the same as that of an example 2 except having used Pt 
(example 3) and Cu (example 4) for the substrate conductivity film. 

[0063] Although the diameter of mask opening was excellent in the configuration homogeneity of a 
zinc-oxide column in about 400nm in the example 2, when about 200nm was used as a diameter of 
opening in this example using Pt as substrate electric conduction film, configuration homogeneity 
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was desirable, and it was desirable, when Cu was used as substrate electric conduction film and 
about lOOnm was used as a diameter of opening. In each, the paths of a ZnO hexagonal prism were 
150nm and about 60nm. That is, the zinc-oxide column which was excellent in configuration 
homogeneity in various sizes choosing a suitable thing in the substrate conductivity film was able to 
be grown up. 

[0064] When it excited by the 3rd higher harmonic of YAG using 200nm of diameters of mask 
opening, and a sample with a period of 250nm in this example 3, photoluminescence was measured 
and the laser oscillation threshold was evaluated in liquid nitrogen temperature, the direction of this 
example 3 had the low threshold compared with the example 2. 

[0065] When photoluminescence which furthermore made helium-Cd laser the source of excitation 
using 1 OOnm of diameters of mask opening and a sample with a period of 1 50nm in this example 4 
was measured, compared with the example 2, the reinforcement of photoluminescence was strong. 
[0066] Example 5 this example is the same as that of an example 3 except having made the mask 
pattern elliptical instead of the circle configuration. The merits-and-demerits axial ratio of an ellipse 
was set to 3:4. 

[0067] In this example, the inclination for the sense of a hexagonal prism to unite the direction which 
connects top-most vertices to a medial axis in the direction of a major axis of ellipse opening like 
drawing 9 (c) was seen. That is, the hexagonal prism arranged the sense and the zinc-oxide column 
had arranged. From the X diffraction, the c-axis orientation of a zinc oxide and the orientation within 
a field were checked. When the photoluminescence reinforcement of the sample of this example was 
evaluated, compared with the example 3, it was high a little. 

[0068] It is the example which used the anodic oxidation alumina for array formation of an example 
6 zinc-oxide column. Draw in g 6 and drawing 7 are drawings showing the making process of the 
emitter of this example. Hereafter, it explains using drawing 6 and drawing 7 . 

[0069] 1 micrometer of aluminum film 8 was further produced by DC spatter after producing Pd film 
in thickness of 1 OOnm as substrate conductivity film 4 with RF spatter on the substrate 3 which 
consists of process a quartz glass. The film production conditions of the substrate conductivity film 
had the desirable conditions which are excellent in 1 1 1 orientation, for example, the conditions of 
RF power 1 SOW and 0.7Pa of argon gas pressure (Smtorr) were used. Here, although RF spatter and 
DC spatter were used, the film production approach of arbitration is applicable to a CVD method, a 
vacuum evaporation process, etc. at film production. (Refer to drawing 6 (a)) 
[0070] Irregularity is produced so that it may become the pore start point 9 of anodic oxidation on 
the front face of aluminum as Process b, next a last process of anodic oxidation. By this surface 
treatment, the pore array of an alumina can be made regular. This irregularity is desirable when 
being formed in the shape of a honeycomb produces the large nano hole which is an aspect ratio 
corresponding to the pore array of an anodic oxidation alumina. Using the technique performed as 
the formation approach of this pore start point (crevice) using SPMs including the technique of 
irradiating a focused ion beam (FIB) and AFM, the technique of creating a depression using press 
patterning indicated by JP, 10-121292, A, the technique of making a depression by etching after resist 
pattern creation, etc. is mentioned. 

[0071 ] since it is necessary to put a pressure neither on that the process for which the technique of 
using a focused ion beam exposure requires resist spreading, electron beam exposure, and the time 
and effort like resist removal is unnecessary also in these, and it is possible to form a pore start point 
in a desired location by direct writing for a short time, nor a workpiece, a mechanical strength can 
apply also to the workpiece which is not strong — etc. ~ it is desirable especially from a viewpoint. 
[0072] It used by irradiating the focused ion beam of Ga in this example, and the dot-like start point 
was formed in the honeycomb array of 200nm spacing. It was here, and in the ion kind of focusing 
ion beam machining, 30kV and the diameter of an ion beam set 300pA(s) and irradiation time of 
each dot to lOOnm, and the ion current set Ga and acceleration voltage to lOmsec(s) for them. (Refer 
to d rawing 6 (b)) 

[0073] It produces anodic oxidation alumina 5 by carrying out the anode oxidation method of 
Process c, next the above-mentioned aluminum film. 40 are a thermostat among drawing 1 1 , for 41, 
as for the cathode of Pt plate, and 43, a sample and 42 are [ an electrolyte and 44 ] reaction 
containers, and the power source to which 45 impresses an anodic oxidation electrical potential 
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difference, the ammeter with which 46 measures an anodic oxidation current, and 47 are sample 
electrode holders. Although omitted by a diagram, automatic control, the computer to measure are 
incorporated in the electrical potential difference and the current. A sample 41 and a cathode 42 are 
arranged in the electrolyte kept constant in temperature with the constant temperature bath, and 
anodic oxidation is performed by impressing an electrical potential difference between a sample and 
a cathode from a power source. As for the electrolyte used for anodic oxidation, oxalic acid, 
phosphoric acid, a sulfuric acid, a chromic-acid solution, etc. are mentioned. 
[0074] Since it has correlation of a degree type (1) mostly with an anodic oxidation electrical 
potential difference, pore spacing, i.e., the structure period, of an alumina nano hole, it is desirable to 
set up an anodic oxidation electrical potential difference corresponding to a start point array 
(spacing). 
[0075] 
Equation 1] 

R = 2.5xVa (55 1) 

2R (nm) : mUmM 

va (Volt) : mmm^tms. 

[0076] The thickness of an alumina nano hole is controllable by the thickness of the aluminum film, 
or the time amount of anodic oxidation. For example, it can also leave permuting all thickness of all 
by the alumina nano hole, and the desired aluminum film. 

[0077] By processing (pore wide processing) which furthermore dips an alumina nano hole layer into 
an acid solution (for example, phosphoric acid solution), the diameter of a nano hole can be extended 
suitably. It can consider as the alumina nano hole which has a desired diameter of a nano hole by 
controlling acid concentration, the processing time, and temperature. 

[0078] 80V were anodized in this example, using a 0.3M phosphoric-acid bath as the electrolytic 
solution of anodic oxidation. The diameter of a naino hole was extended to about 1 60nm by dipping 
as pore wide processing for 80 minutes into acid solution 5wt.% which does not get 25 degrees C. 
(Refer to drawing 7 (c)) 

[0079] The zinc-oxide colxmin 1 was grown up from the bottom of pore by the same technique as the 
process d example 2. However, ZnN03 Concentration was set to 0.02M, whenever [ bath 
temperature ] was made as 70 degrees C, and reaction time was made into 2 hours. (Refer to drawing 
7(d)) 

(Evaluation) It checked that the zinc-oxide column of a hexagonal prism was formed [ in the sample 
of this example 6 ] by the triangular lattice according to pore size into the pore of an anodic 
oxidation alumina of FE-SEM observation. Although, as for the form of a hexagonal prism, the thing 
of (c) was intermingled from drawing 3 (a), the form of the angle of a hexagon was comparatively 
acute. 

[0080] Moreover, height has about 1 micrometer of zinc-oxide columns of this example 6, and they 
were able to carry out array formation of the high zinc-oxide column of an aspect ratio. Moreover, 
the array pattern of a large area was able to be formed by simple technique. 
[0081] By measurement of the photoluminescence which made helium-Cd laser the source of 
excitation, luminescence with a wavelength of 385nm between bands and green luminescence near 
the wavelength of 500-550nm were checked in both samples. 

[0082] It has become main [ the sample of this example 6 ] compared with the sample of the 
example 3 of a comparison emitting [ of an ultraviolet area ] light an emission spectrum, and green 
luminescence was controlled. By forming a photograph nick band gap, it is possible that green 
luminescence was controlled. 

[0083] 400 degrees C and heat treatment of 1 hour are performed for the sample of this example 6 in 
helium ambient atmosphere. After vapor-depositing Ag of 100 morenm thickness considerable 
amount, it installs in vacuum devices. LaB6 which cooled to liquid nitrogen temperature after 
exhaust air up to ten to 6 Pa, and countered from — an electron is made to emit from the becoming 
electron gun, and when the electron beam accelerated by acceleration voltage 10-50keV was 
irradiated, laser oscillation was able to be carried out in the ultraviolet area near 390nm. It is 10 - 15 
A/cm2 as a laser oscillation threshold. It was extent. 
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[0084] On the other hand, when same evaluation was performed in the example 3 of a comparison, it 
is 20 - 40 A/cm2 as an oscillation threshold. It was extent. Reduction of a threshold-current 
consistency was achieved by using the emitter of this example 6. Furthermore, laser oscillation 
wavelength width of face was narrow, and the laser oscillation mode number was reduced. In this 
example, I think that the fall of a laser oscillation threshold was aimed at according to the 
effectiveness of a group-velocity fall. 

[0085] It is the sample produced in example 7 this example 2 thru/or the example 4 2% H2 After 
reducing the amount of oxygen presentations in a zinc-oxide column and raising conductivity by 
performing heat treatment of 600 degrees C and lOmin in the reducing atmosphere of 98%helium, 
electron emission ability was evaluated. 

[0086] The sample was installed in vacuum devices and carrying out the seal of approval of the 
electrical potential difference to the anode plate which countered after exhaust air up to ten to 6 Pa 
estimated the amount of electron emission. Distance between an anode and a sample was set to 2mm, 
and the electrical potential difference was set to 5kV. Cu of an example 4 is used for a substrate, the 
electron emission ability of the sample which carried out array formation of the zinc-oxide column 
of the thinnest path is most excellent, and the amount of electron emission is 4microA/cm2. It was 
extent. That is, it tumed out that the electron emission component which the zinc-oxide colunm of 
nano size arranged is producible with the technique of this example. 
[0087] 

[Effect of the Invention] As explained above, there is the following effectiveness by this invention. 2 
which according to the emitter and the structure of this invention was excellent in crystallinity on 1 
base, and was able to be used as the efficient emitter by arranging the zinc-oxide column which has 
the path of nano size — the effectiveness which enables application to optical elements including a 
light emitting device as a photograph nick crystal by arranging a zinc-oxide column periodically in 
submicron size still in this way was acquired. 

[0088] Moreover, the effectiveness which has produced the structure which has arranged the 
column-like zinc oxide periodically was cheaply acquired on the base by the simple process by 
applying the process which applied 4 and the anodic oxidation alumina which can produce the 
above-mentioned structure of a large area cheaply by using zinc-oxide growth in 3 solutions 
according to the manufacture approach of this invention. 

[0089] The emitter using the zinc-oxide column of this invention can be used for a fluorescent 
substance, a display, etc. Furthermore, the zinc oxide colxunn of this invention is available in the 
large range as functional materials, structural materials, etc., such as an electron device and a micro 
device, and an optoelectric transducer, a photocatalyst component, an electron emission ingredient, 
etc. are mentioned especially as an example of a fiinctional material. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/31/2006 



JP,2002-084037,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 2 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is the conceptual diagram showing the emitter (structure) which has arranged the 
zinc-oxide column of this invention. 

[Dr awin g 2] It is the conceptual diagram showing the zinc-oxide column of this invention. 
[Drawing 3] It is the perspective view showing the zinc-oxide column of this invention. 
LDrawi.1lg.43 It is the conceptual diagram showing the array of the zinc-oxide column in the emitter 
of this invention. 

[Drawing 5] It is process drawing showing the making process of the emitter of the example 2 of this 
invention. 

[Drawing 6] It is process drawing showing the making process of the emitter using the anodic 
oxidation alumina of the example 6 of this invention. 

[Drawing 7 ] It is process drawing showing the making process of the emitter using the anodic 
oxidation alumina of the example 6 of this invention. 

[Drawing 8] It is the schematic diagram showing the anodic oxidation alumina in this invention. 
[Drawiiig 9] It is drawing showing an example of the structure of the zinc-oxide column of the 
example 2 of this invention, the example 3 of a comparison, and an example 5, 
[Dra wing 10] It is the schematic diagram showing the zinc-oxide growth equipment by the solution 
process of this invention. . 

[Drawing 11] It is the schematic diagram showing anodic oxidation equipment. 
[Description of Notations] 

1 Zinc-Oxide Column 

2 Base 

3 Substrate 

4 Conductive Film 

5 Anodic Oxidation Alumina 

6 Pore 

7 Resist Mask 

8 Aluminum Film 

9 Pore Start Point 

10 Triangular Grid 

11 16 The periodic direction 

12 14 Core of a hexagonal prism (form) 

1 3 Top-most Vertices 
15 Field Core 

30 Thermostat 

31 Sample 

32 Reaction Solution 

33 Reaction Container 

34 Ultraviolet Radiation 

40 Thermostat 

41 Sample 

42 Cathode 
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43 Electrolyte 

44 Reaction Container 

45 Power Source 

46 Ammeter 

47 Sample Electrode Holder 

5 1 Aluminum (Film) 

52 Anodic Oxidation Alumina 

53 Pore (Nano Hole) 

54 Barrier Layer 
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[0 0 16] *fgB^lc<};0. i-y-^-fX(D±t^^m 
SCi:!b^T'#5o Itfc, iKl 0~5 0 0 nmejgtOg 

[0 0 17] setcti, C€)J;'5lcK<l:ffi8aS*-9-/5 
1 0-2 5 6 6 7 3^^?S{Ct5I.^Tfe^ftffiSiei*Aft 

[0 0 1 8] 7:* h::i-y^$aB^ati, 2 ffl«J.X±OH*fr^ 

<0^*Wtt«*»J?ait/i:€.<Df fcS (J . D. Joan 
nnopoulous et al. "Photoni 
c Crystals" Princeton Univ 
ersity Press), CtD«|!Q:!«M«, 

[0 0 19] irrsit>-^^ ^SIWcfc'V^T, KfkffiSaJcJ: 
^h) ^ftSL, ffi<tffiSQ(D^^X-<^ h/U^^fiWFlttC 
{* C i6 i: -r -5 ^ S L TiSffl-r S c i: ;b^~ 
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[0 0 2 0] mc. mit&mimn9t(D^^yh'iis^¥t 
[0 0 21] ^mm<Dmit^^^^mmt^mmmt. 

[0 0 2 2] 

[0 0 2 3] <«fi!t>^ 1 li. i^m^commw (^9t 
ms. 1 Tb'ija^wtcsa^ijbT^So ^mM<Dmitms&'!t i 
[002 4] mzii. *fgR««K^tsfBe^±73*^eM 

02 (a) (OJ:^tciEAftff^cOt>cO*fiC*i). 02 
(b) . (c) cOcfco^A^JB-^. mz (d) CDJ;^^ 

[0 0 2 5] 0 3 «*SIW<0KftSSBa«-^-r^ffi!l2IT 
113 (a) cDJ;3tCiEAftttOt(D, 03 (b) 
cDJ;-5tcA^tt«tcD. 0 3 (c) CO J: tcA^ttO^ 
*%i/^t<0, 03 (d) tc.T^f c};^tcJti8*''^4«<OJB« 

[0 0 2 6] ^nwoKfbffiSseti. ^«Sb^b. 

[0 0 2 7] i^fc. cn^orj^emmcomit^^^. 
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[0 0 2 8] i?fbiesett<Dj^4^, -tJ-'TXttftfig^f^^tctt 

nm~iSl 0 /im. T^^^i' M±« 1 *^e)2 0 Oigfi© 

[0 0 2 9] :^^mKmf^mi\:^m(Dmmt. fmt 

^m^±fS.^t-ttii£mm^-^t\rj:\.\ tfc b, a 

1, Ga, In, N, P. A s F-y-fS C fcT- 

10 0 3 0'i mt^2tLri,i. v-yy^rmm. sis 

GaNS«, Z nOS«*if<oeM(0*ISrBS^^ 

T#5„ CiDJ;3*»«3±fcitjg, KfkffilfJtt 1 «-iE 

LTt^l^^A^ Ti6tc:#ffl14^4^gB-rsci:*'s. 

[0 0 31] $fc. ±3zE<73Kfk£i&^tt;&Si*±fc2:^^7E 
[0 0 3 2] *fiB^(o^^{*. -r^^^^fts&^^iiw 

3D ibaJUi^<D^^^m'Mir^rclsbiai 1 0 0~4 0 0 nm 
?>ci:AU'3»SLt/^„ z:!Kftyith--j'7i^^B(omm 

5*^ y^ V =.y ^ f^zy yy-h'^m< t^^^o'mM.ti' 

4 (a) <DJ^o\C=.n^&=?■\ OcDJiffl73[6]l 1 ^A^tt 
Of'Dl 2i:]l^Si 3;g:i®^75-|^*^-l!{-rsE9iJ 
V. 0 4 (b) cDcfcotilA^li (Jg) £Ocf.L>l 4i:{IiJS 

50 tcli. ?gJt5aj^lRl±^, ^itm:f5^(Dim.if^mX'& 
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[0 0 3 3] «'?my3m>^AI,C. *5g^^D^^t«SB*>6 
[0 0 3 4] •r^*^-^, *?I^O^ftffi&'ttcD<t8i73rS 

rctKim\ o{cs^-rj;'5%sfE«B%ffli/\ figK#ia 

[0 0 3 5] Sfc. »««ffi{C. fifi^fcLTPd. P 20 
t, Cu. Ag. Au, Rh, I r^ifO*^^7t^-^ 
Ni. Fe. C orj:ifco&im9tm^i^^T^Ctr\ m 

i\ fct^t,t. pt. Pd. cuii.Enm.^mommm 

[0 0 3 6] CtDS^SI^a, ^<tffi&^tt«:^Sf^, ^ 
Tffli/^SC i;7b^T*t-5o cn{CJ:D, lll<D<J:3tc, S 

[0 0 3 7] ip.^m<D. mitmf^^^mmm^zM^u ^ 

[0 0 3 8] L*^LC£0J:3^¥?*a^ /^^-^^yjg 50 
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fi^tiyftf^tc J; 0 1 0A>?) 5 0 0 n rrKDliSHTfiJfflJr' 

[0 0 3 9] ^fc. i^rcmmmitTjizi-^mmLtzm 

CO 0 4 0] tlTtclS|fii^{kT;l/5-^-?-y*-;Ui:'oi,'> 

)vs.m. TJi^s.mtiE^&^^^nm^Ti^m'Pxmmm 

ift^ctic^tyi'pm-iEtx^ (tzt^lSR. C. Fur 
neaux.W. R. Rigby & A. P. Dav 
idson "NATURE" Vol. 337. P147 

(1 9 8 9) . maicmmmitTJi'S.i-i-yt^ 

cm) 5 3^WL, ^©^y^-x-^I/S 3{4, Si*<75« 

i^agpffi (y;i/5-:>-) (D'pic. ft«}g«com2cDgimgl5 
e (4"^) *^ ^^-■t]L,mcmmmc2^X7ticmmLtz 

mm (2'^!Kfcyth-yi'f^^mtLX(Dmm) ^^t 

So 7';U5^-^y4-x-;b(Dilg2 r«gS[nm~#!(l 0 0 
n m. mm 2 R 1 0 n 1 0 0 n mgjg-C^ 

0. mmmit^mci^oMm^mx'$>^o ^tz. m^s. 

1 0 nm~5 0 0 /xmCOia-efeSo 7';^5:^:^/*— ;l/ 
(r>m^U^ 2 r {±X -y ^ > ^rlc J: 13 /£tf S C i; *^wr*6T-fe 

So cn^cfi^^^^^gfg:&i^*'!^lJfflBI^■^:•feSo 

[0 0 4 1] Sfc. 2|§im^{ba^. A iSffitC-'Nr: 

S77felcj;i3s mE?'J^^iMiHb-rS*A<t'#So 
Ea: "OPTRONICS" No. 8 (1998) 21 
1 H#M) 

mP»1<i&^^*JBiS-t Soffit LT«, X^>'/^-^ffll,> 

s^?£^. F I B^Bg*frs^)S^ii'*^^ifens, 

[0 0 4 2] AftttJg«(0K{b3ESitt<0Srt 
-r^*?*.. a-btt:^f4*«iai-rs/c4t)tc(i, 

i/\ =t<Dy5^tmmmm<Dy5^^&t>^xi6<. ctr^iii 

7L) i:UT«3<Ci;T\ a5SgiS073m*j*«)SC 
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[0 0 4 3] 

[00 4 4] mmm i isjuuttnm i . 2 

^SE^JLTJefiltLfcPT'^So 10 

[0 0 4 5] mmmi^Lrccm^yr-^Tm^± 

IC. 2 0 0 nm<?3KftffiStt^^MB EftT'Xtr 
i^-V^KScS^-ttrCo MB ES^Cfe'l/^TliZ n^MtR F 

^iffiibPfafgs Z n 1X10 'Pa (IXIO'to 
r r ) . 02 0 . 3ml in ( 0 . 3 c c 
m) . R F/^^-SOOW. 5 5 0 •CW^fl^T 

[0 0 4 6] l^i^'XK^IBfiE, 

/^•r<t5^ffJ«T'^0, S^)2 0 0 n mg<OAft}g*'!Hft 

i7/^^f->cO^W«ifi*^KftffiS}ffl|cO [1-2 1 ] 

fS]i:^^J;^tcLfco NH- QHtHi Oz 

$ e> U>?X h %*«jg?fijm* bfco 
[0 0 4 7] Sit. i:tl3?fi?ijl i:LT. /^^-Jii^i^'^ff 

2ibT, •V7.i'/^^->'7!)'SA^}BT-'5:< RJgcDtcO^ 30 

[0 0 4 8] mm) ^^mm\(omn^F E-sEM - 

1 6 0 nmTAftffJOft«^-^3tL^^«t>T 

«±fcxtffi!tgLTl/^S C i:*<5ilgSn^Co 
[0 0 4 9] He-Cdlx— tf-^aeil (i()^jSm3 40 
2 5nm) t Lfc7:t h/l/S^^^y-trVXOaiJ^tcJ; t), 
3|s:§l)5S5fi?iJSa'J:bf5f?lJ<0-<t>y;l/{i:*jl.^T. ffiS3 8 5 n 
mfiO/^^K^fgJti:, K^^^aicfl^^ffigS 0 0-5 5 

0 n m{^ifi«iH5fe5gye^fii8Sbfco 

[0 0 5 0] ^mmm i ^oisi^k*. tbe^fifj i (Duuiat 

1 (oumii. tmm z <Duni>cit-<ry ^ hJVz^-^-y-t so 
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[00 5 1 ] *)5i5fiflj2*Jj;D*it«15lj3 

[0 0 5 2]Xiea) S^U3>SSA^P,;S;?,Sffi3±ti: 
Titi2i»mi4^4i:LTRFX/^-y^tcJ;OPd^^l 0 

0 nm©i?*tClg«L/i:o TH!!#«tt)»(DS5!)l^m*> 

1 1 l@5|6]©^n?.^ft*^<if$L<. fcil^tfPdS^ 
Si^-r^^tcti, RF/W-1 sow. 7';l/d>*"'XJE 

0. 7 P a (5m t o r r) «*ft*fflt,-'^c„ CCT- 
(i. R FX/1-y^?)g:ffl^^fc*^|gffii^C^iX/^y^^^^. cv 

§o cms (a) #Bg) 

[0 0 5 3] ligb) ^\^m^. ui^x f-ffli. m^e- 

U">*X hOl^'^'X 1-vx^ 7^fl5fi!tL/Cc PwlPO-t-rX 
{* 5 0 — 4 0 0 nmOfEH. r^SPtOP^RI 1 0 

0~5 0 0 nm(Oi!H-P^*^S*liaoS&l>"E5lJSW 

(0/'?^?->;grJg^LfCo (US (b) #B^) 

[0 0 5 4] xgc) m\ oiC7f<tm^^m^\ sm^ 

0. OSMZnNOi , 0. 0 5Mi^^^;l'T5>3K^ 

(C) #BBJ 

[0 0 5 5] Xigd) «mc, Ui^X hTX^^^^trS 
<«T'S»Lfc„ (0 5 (d) 

[0 0 5 6] tmm 3 i: LT. aSmtt^±tC Ui^"X 

[0 0 5 7] mm) ^mmm 2 coun^ f e - s e m 

cr, 0 9 (a) ic-m^TT-i-^^ic^ AftaoKfkffi 

An^tDBlt. m3 (a) (c) OtcDA^^lffiUT 

ff. 3 0 0 nmrjflPOUi'X hvx^i'^rffll/^fc^^tc 
fi, AftS(0+>-l'X2 0 0~2 5 0 nmgS-efet), iS 
5 0 0 n mSSTfetpfco X«g|HlJ/fck 0. ^^tffiSi 

[0 0 5 8] J:b*Sfif<J3fcl^Tfc, AftSt«c©e{tffifB*^ 

fi!tSLTl>fc7b^ 1219 (b) icjj^f<k 5 tc^cD+^-TXcO 

<0^, 1 1 lEl6]L/cTlfi«ISI»*ffll/^Si:i;-p, ctt 

tc^n Aft St»cOZ n O^fiKS-r^SC iiTb^T^/co 
[0 0 5 9] $fc> mc. jg^'S:TX^CDr»flP-9--i'X^ 



11 

0 0 nmmHT&'orzo 

[0 0 6 0] H e-C d tf-^a^eig^L/c^;?!- h 

7t^iffiS500-550n m^^oft cDj^fefg^t^fiSlg L 
;^Co v;^^P^pg2 0 0 nm. jSm2 5 0 n m(DSS3NttC 

[0 0 6 1 ] VX^f,gpfl2 0 0 nm. /5I^2 5 0 nm 

comM^m\^\ Y AGS3^iii^-ei!)JgL7:4- 

[006 2] HfifiW 3 , 4 

So 

[0 0 6 3] ll)Sg^]2tC*Jl,>Tt*TX^'^PSAM 0 0 

r»8PSi;bT2 0 0 nmgJS^ffil.-/-;:^lCjei^tfe|-1±A'i 

iiLTl 0 0 nmg)g^fflO>fcii^tcSft L*>ofco ^ 
n^'ntCfcl/->T. Z n OA^ttiT^Sa 1 5 0 nm, 6 0 

[0 0 6 4] ^^^SgPStCfcl/^TTX^-rfflPtlZ 0 0 n 
m, Jg|SB2 5 0 nmOISif4«rffll\ Y A G ^ 3 iSISJSt? 

[0 0 6 5] ^P,tC2^||)?6{?lj4tCj3l,>TTX^P?gpfi 1 
0 0 n m, 1 5 0 n m©iaiS*fflV\ H e - C d U 

[006 6] ^SSfiFiJ 5 
3 : 4t Lfzo 
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[0 0 6 7] :*:||)!gfl?IJtCtJI,^Tti. 0 9 (c) <D<kd 
P<DS«7^l6]fcfet3#S<«l6]A^me>tlfco -Tiftt)-^, ® 

[0 0 6 8] mmme 

[0 0 6 9] X^a) 5^:*"^X*^e*?)Ste3±tcT 
lft»«i14^4 tLTRFXA y^tC.};»5Pdflg«rl 0 0 

^8^1 nmmmLfco T±tfi#«i4M(o^fli^m4x i 

1 1 E(6]OSns^f*AW*L<, fci:;^.^-, RF/^v 
— 1 5 OW, y/l'd'y^y'XIIO. 7Pa(5mtor 
r) (D^l^^m^^^fcc CCVit. R FX/^v:$f&t;DC 

iftCffi3icOiaflg7?ffi*^igfflRlfi6T-a&So (0 6 (a) # 

B^) 

[0 0 7 0] xgb) :^^fc. mimmit<Dmxmt{.T^ 

30 figT^Sfei: L.T«, m^^t>\^-L. (FIB) ^S^Mf 
A FM*4Si6i:-rSS PM%ffll^Tff-5¥}i, 
^mW- 1 0- 1 2 1 2 9 2^«$ST'rffWs$nfc7'UX/^ 

SCI tA'i^tfenSo 

[00 7 1] cne.cD't'Tfc. m^-r^t^e-AHstt^ 

ffll^S^feti, Ixv/'Xh^^, S^tf-A®)^, Ui^'X 

ig^s*<^v^coT, ^*«w3aiB*^3S< ^^^maxmcMi, 

[0 0 7 2] *j|SSifFlJlCt5(,>Tt±G aO^^-Ysfve- 

mc K -y h iK<Dr^i^M^mjS. l r^o C C T-^Si' > if 
-AiPXO'f';t>S«G a. jfjPjiBffit* 3 0 k V, -I'sf 
Vlf— 1 0 0 nm, -<:t>mm.li3 0 0 p A, § 
K-y h<OS^»t^ra« 1 0ms e c i^Ufco (06(b) 

#H^) 

50 [0 0 7 3] xsc) xarji'S.m^mmmitm 
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*V-h\ 4 3«?8S?S. 4 4«Jg(SSfg-pS0. 4 5 

BSLTss*^ ccoiii^mjE. iiai^rgwMSf, m^t 

[0 0 7 4] T7l/5:>-ty*;-;l/Offl7Lrail-r!S:t>-^« 

isgiwa. mmmitMEtins^x^ (1) ©tsK^wr 

[0 0 7 5] 

[?Sl ] 

2R = 2.5xVa (3*1) 

2R (nm) ; M ?L « 

Va (Volt) : ^i&WiitnS. 

[0 0 7 6] T)Us.i-i-y:i-^—)V(om^i>i. yji'^mco 

[0 0 7 7] ^?>^cT;^ = -^-:>-/4-^-;^g:&^?gffi (fc 

-/i/S^^-r T ;i/ 5 ^ y 1 -r s c i: *<T* § 
[0 0 7 8] *IISg<?iJfc*j(,>T«, PiUKibcosfS^Si: 

LTo. 3Mvymm^m^'\ s o vo^w{t^?To 

t. %4'{C8 O^a-rc tT'^y*;— 1 6 0 n 
mtcEtf^io (0 7 (c) #B8) 
[0 0 7 9] X^d) ll«Sf?i]2i;|pl1t^^f£Tffl?L<D;S 
A^e^ftffifSe 1 ^fiStSSHiito iTciTfL. Z n N O 

^|Bli:L;to (1317 (d) 

(^ffi) 6 <omn^ F E - s E ummic ^om 
mLTzo An^mm. m3 (a) A^e (c) oto*^ 
[0 0 8 0] sfc. *^)5s^j6(D^<k«§ae{i;i;57b^ i 
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[00 8 1] He-CdU— *f-«:i!ieig4:Lfc7:i-h 
S3 8 5 nm«D>'^VFHIil«i:KS5 0 0 — 5 5 0 nm 
[0 0 8 2] 2|s:|iaSCT6 0SSm, J:b«<5IJ3©SS^4fCJt 

[008 3] ^mmm e <Dum^> h e i?h«*T' 4 0 

0°C. mra<D5fe5aS*m\ 0 0 nmH^tl 

a B. A^e.^i.a?KtJ:0^^^)KttS$-ti-. i}n3iS/E 1 
0~5 0 k e VtcftpiSSn/tli^^tf— i»*S§*f-rsi:. 

3 9 0 nln^^5fi^0^n«^c*5^/^T^—^f'-^^S^•^i:§C 

hifX'^tc^ u— y'-^jgpafiitLT 1 o~i sa/c 

20 m' igST-fcoAco 

[0 0 8 4] — mm3\z^\^^xnnrjiwm^vx-:> 

tctC^b. fgSP.g«i:LT2 0~4 OA/cm' igjgt? 

[0 0 8 5] mmmi 

^mmm2nmmmm4ximLtcun^. 2%h2 t 

30 9 8 %H eOJl7cf?H^<l3T-6 0 0*C. lOmintD^ 

[0 0 8 6] ISSf^^K^^grttCiagL, lO 'PaS 
TSt^t^. 3^l6]LfcTy-F«fcmBE«rEnW5C^:T' 

m. liJEa 5 k V i: L/co mmm 4 <D C u ^TtffitCffl 

S?i!Sttlftl*<toi:tffin. m?)KmS«4 A/cm 

[0 0 8 7] 

50 xvmmmcmmr^ctz'y^ \--y>m^mti. 
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[0 0 8 8] sfc, :^¥im(Dmmy5m!i^ni,£. 

[0 0 8 9] :$:¥tm<Dm{tMmi&^mi^^rzm9tmt. m lo 

«/TNgH=5:iffcffll/^SCfc*^T'^5o relets. 
[0 3] *liWOK{tffimS^/Ts-riS4M|glT'fe€.o 20 

[Els] :$i¥tm<Dmmm2<Dfiytwo:>imxm^m-rx 

[0 8] *MR^ic*>tt-l)imKit:7;l/S-:>-^^fffiBS0 

[0 9] *5g0^coii)5s^ij 2 , tt^t^ijs. mmm5(omit 

[0 1 0] *SIB^<0S^S7°D-trXli:J;SKftSaiJSS^ 
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[011] mmm{tmm^m-tm.v8mvs>^o 

2 

3 S£ 

4 mmum 

5 |5iM^t7;l/5:^ 

6 ,«?L 

7 UJ^'Xhvx^' 

8 T;!/^^ 

9 m^mt^M 

1 0 HfttS? 

11.16 mm^jf^ 

12. 14 AftS (IB) <Dfp>b 
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